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Abstract
Very long-term health-related quality of life (HRQoL) is an important end point in operated early stage non
esmall-cell lung cancer with good prognosis. The results for very long-term HRQoL after minimally invasive
video-assisted thoracoscopic surgery (VATS) has not been evaluated and compared to thoracotomy. Sur-
prisingly, inferior overall HRQoL was evident for patients operated with VATS, independent of preoperative
factors including age, comorbidities, and pulmonary function tests.
Background: As a result of routine low-dose computed tomographic screening, lung cancer is more frequently
diagnosed at earlier, operable stages of disease. In treating local nonesmall-cell lung cancer, video-assisted thor-
acoscopic surgery (VATS), a minimally invasive surgical approach, has replaced thoracotomy as the standard of care.
While short-term quality-of-life outcomes favor the use of VATS, the impact of VATS on long-term health-related
quality of life (HRQoL) is unknown. Patients and Methods: We studied patients who underwent lobectomy for the
treatment of nonesmall-cell lung cancer from January 2006 to January 2013 at a single institution (n ¼ 456). Patients
who underwent segmentectomy (n ¼ 27), who received neoadjuvant therapy (n ¼ 13), or who were found to have
clinical stage > T2 or > N0 disease (n ¼ 45) were excluded from analysis. At time of HRQoL assessment, 199 patients
were eligible for study and were mailed the generic HRQoL instrument 15D. Results: A total of 180 patients (90.5%)
replied; 92 respondents underwent VATS while 88 underwent open thoracotomy. The VATS group more often had
adenocarcinoma (P ¼ .006), and lymph node stations were sampled to a lesser extent (P ¼ .004); additionally, hospital
length of stay was shorter among patients undergoing VATS (P ¼ .001). No other clinical or pathologic differences
were observed between the 2 groups. Surprisingly, patients who underwent VATS scored signiﬁcantly lower on
HRQoL on the dimensions of breathing, speaking, usual activities, mental function, and vitality, and they reported a
lower total 15D score, which reﬂects overall quality of life (P < .05). Conclusion: In contrast to earlier short-term
reports, long-term quality-of-life measures are worse among patients who underwent VATS compared to
thoracotomy.
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Lung cancer is the leading cause of cancer death globally and is
among the leading cancers in overall total incidence.1 In Finland,
lung cancer is the leading cause of cancer-related death; 5-year-
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signiﬁcant proportion of the lung cancer burden from advanced
metastatic disease to earlier, treatable local disease. Low-dose
computed tomographic screening, for example, has been prospec-
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Thoracotomy and VATSsingle-view chest radiography.3 For patients diagnosed with early
stage operable disease, 5-year survival rates may exceed 50%.1
Additionally, with promising chemo- and radiotherapy strategies
and modern surgical interventions, the life expectancy of lung
cancer patients is further improving.2
In addition to improvements in prognosis or the quantity of
remaining life years, the quality of remaining life years is increasingly
viewed as an essential component in devising novel strategies for the
treatment of cancer.4 As a general trend in the ﬁeld of surgery,
minimally invasive methods are favored whenever suitable. Since its
introduction in the 1990s, video-assisted thoracoscopic surgery
(VATS) has gained a strong foothold.5 It provides oncologic efﬁcacy
similar to open thoracotomy,6,7 and even better perioperative sur-
vival.8 VATS patients encounter fewer perioperative complica-
tions8,9 and experience less postoperative pain.10 Thus, patients
with already deteriorated health reserves—such as patients with
poor preoperative lung functions11,12 and those with additional
comorbidities8—seem to beneﬁt from VATS. In consideration of
the abovementioned advantages and the lower overall cost,13 VATS
is now largely considered the standard of care in the surgical
treatment of local nonesmall-cell lung cancer (NSCLC).5
While numerous studies have associated VATS with better short-
term postoperative health-related quality of life (HRQoL),10,14,15
studies evaluating long-term HRQoL differences are scarce, and
to date only a few studies have evaluated the effect of surgical
treatment on HRQoL over a time period more than 2 years.16
To examine this matter, we assessed the long-term HRQoL mini-
mum 2 years after the operation among patients who underwent sur-
gery for local NSCLC in our clinic between the years 2006 and 2013.
Patients and Methods
Patients
We studied patients who underwent lobectomy for the treatment
of NSCLC from January 2006 to January 2013 at a single insti-
tution (n ¼ 456). Figure 1 summarizes the patient selection. Pa-
tients who underwent surgery from January 2006 to June 2009
received the HRQoL instrument in July 2011 (n ¼ 199), while
patients who underwent surgery between July 2009 and January
2013 (n ¼ 257) received their HRQoL instrument in May 2016. A
national registry provided information concerning mortality. At the
time of the HRQoL assessment, 79 patients from the ﬁrst group
and 93 patients from the second group had died. Thirteen patients
who received neoadjuvant therapy and 45 patients with advanced
disease (clinical stage  T3 or  N1) were also ineligible. Twenty-
seven patients who had undergone sublobar resection were further
excluded. In total, 199 patients were included in this study and sent
the 15D17 HRQoL instrument by mail. After 2 months, non-
respondents were contacted by phone and asked to either return the
survey by mail or answer it over the phone.
Disease was staged according to the 7th edition of the American
Joint Committee on Cancer tumor, node, metastasis classiﬁcation
system.18 The Charlson comorbidity index (CCI)19 was applied to
assess the extent of comorbidities from the medical records.
Surgical Techniques
Thoracotomy was performed through the muscle-sparing ante-
rolateral approach, and patients were scheduled for epidural painnical Lung Cancer Month 2019catheter preoperatively. The success rate of the epidural anesthesia
was not systematically recorded into electronic patient records.
VATS was introduced in our clinic in 2006 and was performed
almost uniformly through the 3-port approach.20 Local anesthetic
was applied before the incision was made. Additional ports were
placed at the discretion of the operating surgeon. All patients
postoperatively had a 28-F pleural catheter on active suction placed,
and all had access to specialized pain management service.
The decision between VATS or thoracotomy as the surgical
method was partially surgeon dependent and partially inﬂuenced by
many other factors, eg, the designated operating room, the gradual
implementation of VATS in our clinic, and the educational re-
quirements of the clinic’s residents. Surgeons did not have their own
patients, as the patients came from a single queue and were operated
in order. The universal health care system in Finland prevents so-
cioeconomic selection bias, as surgeons do not get paid on the basis
of the type of operations they perform, and patient fees do not differ
between the methods either.
Quality-of-Life Instrument
The 15D is a self-administered generic quality-of-life instrument
with 15 dimensions and a single index score, the 15D score, repre-
senting the overall quality of life. Each dimension has 5 ordinal levels,
from which the ﬁnal dimension level values and the 15D score can be
calculated using a set of population-based preference or utility weights.
Each dimension level value and the 15D score ranges from0 to1, with a
high score representing a good state of function and quality of life. A
minimal important difference in the 15D score is 0.015.21
Statistical Analysis
SPSS 22.0.0.0 software (IBM, Armonk, NY) was used to perform
statistical analysis. Results for continuous variables are provided as
mean (standard deviation) and for categorical variables as n (per-
centage). Independent sample t test served to compare parametric
and Mann-Whitney U test nonparametric continuous variables,
while the chi-square test was used to compare categorical variables.
Two-tailed P < .05 was considered signiﬁcant.
The Helsinki University hospital ethics committee approved the
study.
Results
Study Population
A total of 180 patients (90.5%) responded to the questionnaire
(71 of the earlier cohort and 109 of the later cohort). The groups
were combined for analysis. Of the respondents, 92 (51.1%) un-
derwent VATS and 88 (48.9%) underwent thoracotomy. There
were 4 conversions (4.0%); those patients were included in the
thoracotomy group for the analysis. The VATS group had a higher
response rate (94.8%) than the thoracotomy group (86.3%) (P ¼
.040). Table 1 summarizes preoperative patient demographics.
Table 2 describes peri- and postoperative patient and operational
characteristics. The overall mean and median ages for the
respondents were 65.81 (8.39) and 67 years, respectively. Adeno-
carcinoma was more common in the VATS group (81.5% vs.
59.1%; P ¼ .006), and they had on average fewer lymph node
stations sampled during the operation (P ¼ .004). Patients under-
going VATS were also discharged earlier with a shorter mean
Figure 1 Patient Flowchart
180 answered
A = Lobectomy, segmentectomy or wedge resec?on
B = Preopera?vely either T > 2 or N > 0.
456 pa?ents operated A between 1st Jan 2006 and 31st
Jan 2013
199 between 1.1.2006 -
30.6.2009
257 between 1.7.2009 -
31.1.2013
73 pa?ents received 15D in July 
2011
126 pa?ents received 15D in May 
2016
79 deceased
28 with too advanced disease B
6 receiving neoadjuvant therapy
17 with too advanced disease B
7 receiving neoadjuvant therapy
93 deceased
2 non-responders 17 non-responders
92 VATS lobectomies 88 thoracotomy 
lobectomies
13 sublobar resec?ons 14 sublobar resec?ons
Ville Rauma et alhospital length of stay of 6.4 (4.6) days versus 8.7 (5.2) days for the
thoracotomy group (P ¼ .001). The median hospital length of stay
was likewise shorter in the VATS group (5 days vs. 7 days). No
differences in follow-up time, age, sex distribution, CCI, percentageof forced expiratory volume in 1 second (FEV1%), percentage of
diffusing capacity of the lungs for carbon monoxide (DLCO%),
smoking status, clinical or pathologic stage, tumor location, adju-
vant therapy, or complication rate were observed between the 2Clinical Lung Cancer Month 2019 - 3
Table 1 Preoperative Patient Characteristics
Characteristic
VATS
(N [ 92)
Thoracotomy
(N [ 88) P
Age (y), mean (SD) 66.9 (8.1) 64.7 (8.5) NS
Women 42 (45.7) 51 (58.0) NS
CCI NS
0 33 (35.9) 43 (48.9)
1 30 (32.6) 23 (26.1)
2 20 (21.7) 12 (13.6)
3 7 (7.6) 7 (8.0)
4 1 (1.1) 1 (1.1)
5 1 (1.1) 2 (2.3)
FEV1%,
a mean (SD) 79.0 (19.7) 79.4 (18.2) NS
DLCO%,b mean (SD) 76.4 (17.6) 77.5 (16.8) NS
Smoking Status NS
Smoker 73 (79.3) 73 (83.0)
Current smokerc 45 (48.9) 37 (42.0)
Never smoker 19 (20.7) 15 (17.0)
Smoking pack-years,d
mean (SD)
40.2 (23.0) 33.9 (21.5) NS
Clinical Stage NS
IA 68 (73.9) 56 (63.6)
IB 18 (19.6) 23 (26.1)
IIA 6 (6.5) 9 (10.2)
Data are presented as n (%) unless otherwise indicated.
Abbreviations: CCI ¼ charlson comorbidity index; DLCO% ¼ percentage of diffusing capacity of
lungs for carbon monoxide; FEV1% ¼ percentage of forced expiratory volume in 1 second;
NS ¼ not signiﬁcant; SD ¼ standard deviation; VATS ¼ video-assisted thoracoscopic surgery.
aPatients’ FEV1% value compared to predicted value.
bPatients’ DLCO% value compared to predicted value.
cAt time of operation.
dAmong smokers.
Table 2 Peri- and Postoperative Patient and Operation
Characteristics
Characteristic
VATS
(N [ 92)
Thoracotomy
(N [ 88) P
Tumor Location NS
Right superior 40 (43.5) 22 (25.0)
Right inferior 20 (21.7) 30 (34.1)
Right medial 3 (3.3) 4 (4.5)
Left superior 16 (17.4) 18 (20.5)
Left inferior 13 (14.1) 14 (15.9)
Histology .006
Adenocarcinomaa 75 (81.5) 52 (59.1)
Squamous-cell carcinoma 16 (17.4) 32 (36.4)
Large-cell carcinoma 1 (1.1) 1 (1.1)
Other 0 3 (3.4)
Pathologic Stage NS
IA 60 (65.2) 53 (60.2)
IB 15 (16.3) 15 (17.0)
IIA 11 (12.0) 13 (14.8)
IIB 2 (2.2) 2 (2.3)
IIIA 4 (4.3) 5 (5.7)
No. of nodal stations
sampled, mean (SD)
3.5 (1.8) 4.5 (1.6) .004
Adjuvant therapyb 6 (6.5) 9 (10.2) NS
Hospital stay (d) 6.4 (4.6) 8.7 (5.2) .001
Complication 18 (19.6) 17 (19.3) NS
Progression 8 (8.7) 8 (9.1) NS
Follow-up (mo), mean (SD) 50.1 (14.7) 50.7 (11.4) NS
Data are presented as n (%) unless otherwise indicated.
Abbreviations: NS ¼ not signiﬁcant; SD ¼ standard deviation; VATS ¼ video-assisted
thoracoscopic surgery.
aIncluding bronchioloalveolar carcinomas.
bChemotherapy or radiotherapy.
Thoracotomy and VATS
4 - Cligroups. No difference was observed between the groups in the
presence of no to low comorbidity (CCI 0-1) and high comorbidity
(CCI  2) (P ¼ .332).
Quality of Life
Figure 2 summarizes the HRQoL scores of the 2 groups. No
differences were identiﬁed on the dimensions of mobility, vision,
hearing, sleeping, eating, excretion, discomfort and symptoms,
depression, distress, and sexual activity (P > .05). The VATS group
scored both statistically and clinically signiﬁcantly lower on the
dimensions of breathing (0.637 vs. 0.719, P ¼ .030), speaking
(0.942 vs. 0.973, P ¼ .046), usual activities (0.746 vs. 0.821, P ¼
.030), mental function (0.818 vs. 0.917, P ¼ .001), vitality (0.767
vs. 0.824, P ¼ .049), and in the total 15D score (0.809 vs. 0.851,
P ¼ .028).
Discussion
In a retrospective study of 199 patients who underwent lobec-
tomy for surgical resection of early stage NSCLC, we report lower
long-term HRQoL in patients undergoing resection by VATS
versus thoracotomy. These results are in conﬂict with previous
short-term ﬁndings10,14,15 and with 2 previous long-term studies,
which also suggest HRQoL differences favoring VATS.22,23nical Lung Cancer Month 2019However, these latter studies of long-term HRQoL included only
51 and 33 patients. Nevertheless, our results are particularly strik-
ing, as one of the largest differences was observed on the dimension
of breathing, which directly contrast with previous studies empha-
sizing the positive effects of VATS on pulmonary function24 and in
patients with already decreased pulmonary function.11
Baseline differences in pulmonary function do not appear to
account for the observed HRQoL differences. The groups did not
differ preoperatively on FEV1% (P ¼ .826) or on DLCO% (P ¼
.658), suggesting differences resulting from the treatment. However,
previous studies have failed to consistently link pulmonary function
tests and subjective HRQoL.25 One study demonstrated a marginal
correlation between the preoperative percentage predicted transfer
factor of the lung for carbon monoxide (TLCO) value and the 6-
month postoperative global health status,26 while another study
found no correlation at all between the pulmonary function tests
and HRQoL.27 Thus, the relationship between baseline pulmonary
function tests and HRQoL differences remains unclear.
Another potential explanation is the distribution of comorbidities
between patient groups. Comorbidities seem to have a negative
relationship with postoperative HRQoL, especially when the patient
has more than one comorbid condition.16 However, as shown in
Figure 2 Comparison of 15D Proﬁles of Patient Groups. *Dimension With Both Statistically and Clinically Signiﬁcant Difference
Ville Rauma et alTable 1, the patient groups did not differ in preoperative CCI
distribution. As our clinical impression was that patients with
poorer health reservoirs were more likely to undergo VATS, we
found this result surprising. Originally CCI was developed to pre-
dict mortality, not HRQoL,19 and a study comparing 3 different
multimorbidity assessment instruments found CCI to have the
weakest explanatory power concerning HRQoL.28 Despite this,
another study of prostate cancer patients demonstrated a signiﬁcant,
yet relatively weak, association between CCI and long-term
HRQoL.29 A third study demonstrated a signiﬁcant association
between self-reported CCI and HRQoL, while CCI derived directly
from medical records failed to predict HRQoL.30 This makes sense
because patients are probably more likely to report diseases that
disturb their HRQoL.
Another potential explanation is the older age or mental age of
the patients who underwent VATS. While the age difference be-
tween the 2 groups did not reach statistical signiﬁcance (P ¼ .074),
a more comprehensive index of the impact of aging and on mental
age, such as a frailty index, might account for observations of worse
HRQoL in the VATS groups. Frailty, assessed by multidimensional
models, is a comprehensive concept for the evaluation of eligibility
for surgery, and it seems to have a strong predictive value at least on
survival.31 Of note, the greatest difference between the 2 groups was
on the dimension of mental function (0.818 vs. 0.917, P ¼ .001).
This observation may reﬂect underlying baseline differences in
frailty that we failed to capture, and that could explain differences in
HRQoL despite similar individual objective preoperative
measurements.
Differences in baseline clinical and pathologic characteristics were
observed for some features between the 2 groups. Adenocarcinomawas signiﬁcantly more common among VATS patients, while the
thoracotomy group had 2 times as many squamous-cell carcinomas.
Because squamous-cell carcinoma tends to have more often central,
and adenocarcinoma peripheral, lesions,1,32 this may bias the results
in some way—although the relationship with quality-of-life mea-
sures is not obvious. The possible effect that the observed difference
in the number of lymph node stations sampled could have on
HRQoL remains unclear, while oncologically there was no differ-
ence in the staging or disease progression between the groups.
Finally, another explanation for the observed differences in
HRQoL is differences in preoperative counseling between the
groups. While thoracotomy patients are told to expect postoperative
pain and at least early deterioration of their daily performance sta-
tus, VATS patients may be given a more positive impression con-
cerning the effects of the surgery on their HRQoL. This association
between the fulﬁllment of patient expectations and HRQoL gains
has been previously reported, for example, in total joint replacement
surgery. Patients with lower procedural expectations were more
likely to have their expectations fulﬁlled and to report greater gains
in HRQoL.33 This is also consistent with previous observations of
persistent pain after lung cancer surgery. One long-term report
found a slight reduction in baseline pain favoring VATS but no
difference between VATS and thoracotomy when considering the
impact of pain on daily activities.34 This latter negative result sug-
gests that patient assessments of quality of life are nested within
additional factors such as expectations of procedure beneﬁt and risk.
Our study has some limitations. The retrospective design and
lack of baseline data on HRQoL precluded identiﬁcation of actual
changes in HRQoL as a consequence of the surgical method chosen,
enabling only the comparison of HRQoL values at a single timeClinical Lung Cancer Month 2019 - 5
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for clarifying the potential impact of patient procedural expectations
as well as baseline differences in mental function or frailty between
the 2 groups. The 2-part collection of data may also predispose the
results to some temporal bias. Notably, the latter cohort had
signiﬁcantly longer interim follow-up period before HRQoL
assessment (mean 55.8 vs. 42.4 months, P ¼ .001). Nevertheless,
both cohorts had a similar percentage of VATS patients (48.4% vs.
49.3%), and HRQoL results were consistent across the 2 collection
periods—though some differences were only trending as a result of
smaller sample sizes.
The strengths of this study include the cohort size and response
rate. To our knowledge, this is the largest study of long-term
HRQoL outcomes in patients who underwent VATS versus tho-
racotomy for early stage resection. Moreover, our response rate
exceeded 90%, suggesting that our sample is highly representative.
Conclusion
We report the surprising result that patients undergoing VATS
had worse long-term HRQoL scores in several critical dimensions,
including breathing and overall 15D score. Further investigation is
necessary to clarify this unexpected result.
Clinical Practice Points
 Both thoracotomy and minimally invasive VATS approach for
early stage NSCLC are associated with decreased HRQoL in
dimensions dependent on physical activity.
 Pulmonary function tests are poor surrogates for predicting
postoperative HRQoL, and they should be used only in
perspective for predicting morbidity and mortality.
 For reasons not fully understood, patients operated with VATS
have inferior HRQoL. More studies are needed to assess the
causes for this ﬁnding, as this ﬁnding was unrelated to conven-
tional estimates of operability including: performance status,
patient age, CCI, or pulmonary function tests.Acknowledgments
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